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Exposure of skin to ultraviolet (UV) radiation can 
lead to diverse biologic effects, including inflamma-
tion, sunburn cell formation, alterations of cutane-
ous immune cells, and impaired induction of contact 
hypersensitivity responses. The molecular mecha-
nisms of these UV -induced effects are not completely 
understood. We investigated the ability of sunscreens 
and liposomes containing the DNA excision repair 
enzyme T 4 endonuclease V to prevent these effects of 
UV radiation. The use of T4N5 liposomes, which 
increase the repair of cyclobutyl pyrimidine dimers, 
provides an approach for assessing the role of DNA 
damage in the effects of UV radiation on the skin. 
Exposing C3H mice to 500 mJ/cm2 UVB radiation 
from FS40 sunlamps resulted in skin edema, sunburn 
cell formation, and morphologic alterations and de-
creased numbers of Langerhans cells and Thy-l + 
dendritic epidermal T cells. In addition, the induc-
tion of contact hypersensitivity after application of 
2,4-dinitrofluorobenzene on UV -irradiated skin was 
Itraviolet (UV) radiation has potentially hazardous 
biologic effects on skin, including induction of skin 
cancer [1 ]. In laboratory animals, UV radiation can 
act as a tumor initiator [2], a tumor promotor [3], 
and a co-carcinogen by causing immune suppres-
sion [4,5] . Exposure of mice to UV radiation impairs the induction 
of immune responses to UV-induced skin cancers [6] and, in a 
similar manner, to contact-sensitizing haptens [7]. Evidence also 
suggests that UV radiation contributes to skin cancer formation in 
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diminished by 80%. Applying sunscreens containing 
octyl-N-dimethyl-p-aminobenzoate, 2-ethyihexyl-p-
methoxycinnamate, or benzophenone-3 before this 
dose of UV irradiation gave nearly complete protec-
tion against all of these effects of UV irradiation. In 
contrast, topical application ofT4N5 liposomes after 
UV irradiation had no effect on UV -induced skin 
edema and only partially protected against sunburn 
cell formation and local suppression of contact hy-
persensitivity, although its ability to protect against 
alterations in dendritic immune cells was comparable 
to that of the sunscreens. These results suggest that 
DNA damage is involved in only some of the local 
effect s ofUV radiation on the skin. In addition, T4N5 
liposomes may be a useful adjunct to sunscreens 
because they can reduce some of the deleterious 
effects of UV radiation on skin even after a sunburn 
has been initiated. Key words: UVB/cydobutyl pyrimidine 
dimers/DNA repair/immune suppression/photoimmunology/ 
photoprotection. J Invest D ermatol 104:287-292, 1995 
humans through its effects on the immune system, as well as by its 
direct carcinogenic effect on cells in the skin [8 -1 0]. 
How UV irradiation leads to suppressed immune responses is not 
completely understood. However, UV-induced local immune sup-
pression is accompanied by a decrease in the number of antigen-
presenting Langerhans cells and Thy- 1 + dendritic epidermal T cells 
(DETC) in the skin, and an increase in CD11 b + macrophages 
[11-13]. Contact sensitization through UV-irradiated skin is asso-
ciated with the appearance of hapten- specific T -suppressor lym-
phocytes in the spleen [12,14]. The release of soluble factors such 
as prostaglandins [15], tumor necrosis factor- a [16], interleukin-1 
[15], contra- interleukin- 1 [17], and interleukin- 10 [18], and the 
formation of cis-urocanic acid [16,19], all may contribute to 
immune suppression. 
At the molecular level, there is evidence that DNA damage is 
involved in many biologic effects ofUV radiation. Most important, 
in the genetic disease xeroderma pigmentosum, a deficiency in 
repairing UV -induced DNA damage is associated with an extraor-
dinarily high incidence of skin cancer [20]. Sunscreens, which 
reduce UV-induced DNA damage [21- 23], are highly protective 
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against sunburn in humans, and protect against UV -induced skin 
aging [24] and tumor initiation [2] and promotion [3] in animals. 
However, the ability of sunscreens to protect against UV-induced 
immunologic alterations is controversial [25-36]. Recent studies 
have suggested that the DNA excision repair enzyme T4 endonu-
clease V encapsulated in liposomes (T4N5 liposomes) may be used 
to assess the contribution of DNA damage to the various biologic 
effects ofUV irradiation on murine skin [37-41]. Topically applied 
T4N5 liposomes penetrate and localize in skin [40], increase the 
removal of cyclobutyl pyrimidine dimers (CPD) , and reduce the 
incidence of skin cancer in UV -irradiated mice [41]. In a recent 
study from our laboratory, topical application of T4N5 liposomes 
after UV exposure prevented UV -induced systemic suppression of 
contact hypersensitivity (CHS) and delayed type hypersensitivity 
[42]. These results identify DNA damage, particularly the forma-
tion of CPD, as a primary trigger for these UV -mediated effects in 
mIce. 
In the present study, we used T4N5 liposomes to evaluate the 
role of CPD in several local effects of UV radiation, including 
sunburn cell (SBC) formation, alterations of Langerhans cells and 
DETC, and local immune suppression in C3H mice. The photo-
protective abilities of the T4N5 liposomes were compared with 
those of sunscreens containing octyl-N-dimethyl-p-aminobenzoate 
(o-PABA), 2-ethylhexyl-p-methoxycinnamate (2-EHMC), or ben-
zophenone-3 (BP-3). 
MATERIALS AND METHODS 
Animals Specific-pathogen-free female C3H/HeNCr(MTV- ) mice 
were supplied by the Animal Production Area of the Frederick Cancer 
Research Facility (Frederick, MD) or Charles River Breeding Laboratories 
(Wilmington, MA). The mice were housed in a pathogen-free barrier 
facility accredited by the American Association for Accreditation of Labo-
ratory Animal Care, in accordance with current United States Department 
of Agriculture, Department of Health and Human Services, and National 
Institutes of Health (NIH) regulations and standards. All animal procedures 
were approved by the Institutional Animal Care and Use Committee. The 
mice were given free access to NIH formula 31 mouse chow and sterilized 
water. Ambient lighting was controlled to provide regular 12-h light/12-h 
dark cycles. Eight- to 16-week-old age-matched mice were used in the 
experiments. 
Sunscreens The sunscreen preparations used in this study contained 
Food and Drug Administration panel category I sWlscreens with the maxi-
mum approved concentration of each compound. The sunscreen com-
pounds were supplied by ISP van Dyk, Inc. (Belleville, NJ); the preparations 
used on the animals contained 7.5% 2-EHMC, 8% o-PABA (both UVB 
absorbers), or 6% BP-3 (UV A + UVB absorber) in an oil-in-water emulsion. 
The transmission spectra of these sunscreen preparations were reported in a 
previous study, in which both UVB sunscreens gave an anti-inflammatory 
sun-protection factor of at least 8, and the BP-3-containing sunscreen gave 
a sun-protection factor of at least 4 in C3H mice [31]. To study the 
photoprotective properties of the sunscreen preparations, we rubbed ap-
proximately 200 to 250 I ..d on the shaved dorsal skin of each mouse 20 min 
before UV irradiation . 
T4N5 Liposomes T4N5 liposomes were prepared by encapsulating 
purified, recombinant T4 endonuclease V in liposomes as described previ-
ously [37,39]. Control preparations of liposomes contained boiled (enzy-
matically inactive) T4 endonuclease V [39]. The liposomes were mixed into 
a 1.5% hydrogel (Carbopol-941, BF Goodrich) made with phosphate-
buffered saline and were applied to mouse skin with a moist cotton swab. 
Immediately after UV irradiation, 250 I ..d of lip os orne suspension containing 
0.5 ]Lg/ml T4 endonuclease V was applied to the UV-irradiated dorsal skin 
of the mice. 
UV Irradiation UV irradiation was carried out using a bank of six FS40 
sunlamps (National Biology Corp., Twinsburg, OH), as described previ-
ously [31,32]. The final irradiance received by the animals was approxi-
mately 0.3 mW Icm 2 • Groups of mice were exposed in 27 min to a single 
dose of 500 mJ/cm2 UVB radiation, which is approximately five times the 
minimal dose needed to elicit edema on the dorsal skin ofC3H mice [31]. 
Except for exposure to UV radiation, control mice were treated exactly the 
same as UV -irradiated mice. 
Measurement of Skin Edema To quantitate UV -induced inflamma-
tion, we detennined skin edema by measuring the double-skinfold thickness 
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of the dorsal skin of the mice with a spring-loaded micrometer (Mitutoyo , 
Tokyo, Japan) before and 24 h after UV exposure. Skin edema wa:: 
calculated by subtracting the skin tlUckness before UV irradiation from tha : 
after UV irradiation. 
Sunburn Cells Groups of four or five mice were killed by cervica 
dislocation 24 h after UV exposure. The dorsal skin of the mice was excised 
and strips 1 cm long were fixed in 4% buffered formalin, processec 
routinely, sectioned at 4 ]Lm, and stained with hematoxylin and eosin. Th{ 
specimens were exanlined microscopically for SBC by the same observer in 
a blinded fashion. SBC were defined as eosinophilic cells with pyknotic 
nuclei or without nuclei. SBC were counted in the interfollicular epidermis 
in random high-power fields (400 X); a total of64 to 80 fields (four to five 
specimens, 16 fields per specimen) was examined for each experimental 
group. Counts were expressed as the mean number:±: standard error of the 
mean (SEM) of SBC per centimeter length of epidermis, as determined with 
a calibrated eyepiece micrometer (Nikon Inc., Garden City, NY) . 
Identification of ATPase +, Ia +, and Thy-1 + DETC The connective 
tissue of excised dorsal skin was removed, and the skin was cut into l-cm 
squares and incubated in a solution of 20 mM ethylenediamine tetraacetic 
acid/phosphate-buffered saline at 3rc for 2 h [11]. The epidermis was 
separated from the dermis, and epidermal sheets were stained for ATPase 
activity according to the method of Mackenzie and Squier [43]. Ia + and 
Thy-l + cells were detected by indirect immunofluorescence, as described 
previously [44]. The numbers of ATPase + and Ia + Langerhans cells and of 
Thy-l + DETC were determined by the same observer at 400 X using light 
and dual epifluorescence microscopes (Nikon Inc.) with a calibrated ocular 
grid. Five fields in each epidermal sheet were selected randomly for counts, 
which were expressed as the mean number:±: SEM/mm2 of dendritic cells 
from 20 to 25 fields (four or five epidermal sheets, five fields per sheet) per 
experimental group. 
CHS Assay Groups of mice were untreated, treated with sunscreen or the 
vehicle before UV irradiation, or treated with T4N5 or control liposome 
suspensions after irradiation with 500 mJ/cm 2 ofUVB. During irradiation, 
Table I. Sunscreens and T4N5 Liposomes Have Different 
Protective Abilities for Skin Edema and SBC Formation, 
But Have Similar Protective Effects on Cutaneous 
Immune Cells 
Skin Edemab 
Treatment" (mm X 10 - 2 ) SBCC Ia + d Thy-l +,. 
A) 
None 0.0 :±: 1.9 0.6 :±: 0.4 925 :±: 34 666 :±: 33 
Vehicle 1.2 :±: 1.6 1.5 :±: 0.6 80S:±: 57 613 :±: 27 
o-PABA 3.8 :±: 1.1 3.8 :±: 1.0 893 :±: 43 604 :±: 22 
2-EHMC 0.3 :±: 1.0 1.0 :±: 0.6 828 :±: 43 598 :±: 28 
BP-3 2.8 :±: 2.4 1.0 :±: 0.6 878 :±: 41 594 :±: 21 
UV 27.0 :±: 2.8/ 42.1 :±: 5.or 373 :±: 21I 233 :±: 21f 
Vehicle+UV 35.6 :±: 3.5f 49.8 :±: 4.or 395 :±: 24f 306 :±: 1(/ 
o-PABA+UV 4.6 :±: 1.9 5.2 :±: 1.5 793 :±: 34 621 :±: 32 
2-EHMC + UV 4.3 :±: 1. 7 4.4 :±: 1.Y 700 :±: 3O-~ 535 :±: 20 
BP-3 + UV 6.3 :±: 1. 7 9.6 :±: 3.l~ 593 :±: 46~ 549 :±: 23 
B) 
None 0.3 :±: 1.8 0.8 :±: 0.4 931 :±: 39 621 :±: 23 
HI 1.3 :±: 1. 5 0.8 :±: 0.4 858 :±: 42 500 :±: 27 
T4N5 0.0 :±: 1.0 4.0 :±: 0.8 968 :±: 55 559 :±: 30 
UV 30.5 :±: 3.Y 31.0 :±: 2.ry 301 :±: 21f 321 :±: 17f 
UV+HI 37.9 :±: 2.7f 26.3 :±: 3.1f 508 :±: 21g 397 :±: 2o-~ 
UV+T4N5 28.9 :±: 4.6f 15.4 :±: 2.3" 730 :±: 32" 531 :±: 22 
a Groups of four or five mice were treated with either A) a sunscreen or the vehicle 
before or B) liposomes containing active T4 endonuclease V (T4N5) or liposomes 
containing heat-inactivated T4 endopuclease V (HI) immediately after exposure to a 
single dose of 500 mJI cm2 UVB radiation. Twenty-four hours after UV exposure, the 
mice were examined for edema of the UV -irradiated dorsal skill, and histologic and 
immunofluorescence studies of the skin were performed as described in Materials and 
MetilOds. 
b Skin edema ± SEM. 
C SBC ± SEMI cm length of epidermis from 64 to 80 fields. 
d Ia + Langerhans cells ± SEM/mm2 from 20 to 25 fields. 
,. Thy-1 + DETC ± SEM/mm 2 from 20 to 25 fields. 
f p :::; 0.001 versus matched, unirradiated control. 
.~ p :::; 0.02 versus matched, unirradiated control and p :::; 0.005 versus UV group. 
" p :::; 0.001 versus matched, unirradiated control, p :::; 0.001 v~rsus UV group, and 
p :::; 0.006 versus UV + HI group. 
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Figure 1. T4N5 liposomes restore the number and morphology ofla+ Langerhans cells in UV-irradiated murine skin. A) Untreated dorsal 
skin of C3H/HeN mice stained with mouse anti-mouse Iak and rhodamine-labeled goat anti-rat (Fab ') 2 second antibody. B) Mice were UV -irradiated with 
500 mJlcm2 UVB; C) mice were treated topically with inactive liposomes immediately after UV irradiation; D) mice were treated topically with active T4N5 
liposomes immediately after UV irradiation. Note the nearly complete preservation of density and morphology of the Ia + cells in UV -irradiated skin by the 
T4N5 liposomes (X400). 
the ears of the mice were protected from UV radiation by opaque tape, 
which was removed after exposure. Three days after UV irradiation, the 
mice were sensitized with 50 J.LI of 0.3% 2,4-dinitrofluorobenzene (DNFB) 
(Sigma, St. Louis, MO) in acetone on shaved, UV -irradiated dorsal skin . 
Five days later, the CHS response was elicited by applying 5 J.LI of 0.2% 
DNFB in acetone to the ventral and dorsal surfaces of both ears. The CHS 
response was determined by measuring the ear thickness with a micrometer 
before and 24 h after challenge, as described previously [31] . 
Statistics The significance of differences in skin edema, number of SBC 
and cutaneous immune cells, and local suppression of CHS between 
experimental groups was determined using Student two-tailed t test. A 
difference was considered to be statistically significant when the probability 
of no difference (p) was 0.05 or less. Each experimental group contained at 
least five mice . 
RESULTS 
Sunscreens Give Better Protection Than T4N5 Liposomes 
Against UV -Induced Edema and SBC Formation Exposure 
to 500 m]lcm2 of UVB radiation resulted in significant edema in 
untreated or vehicle-treated dorsal skin of mice. As shown in Table 
L4., application of the sunscreens completely protected against 
UV-induced edema, whereas application of the T4N5 liposomes 
immediately after UV irradiation gave no significant protection 
(Table IB), confirming our earlier findings [32]. 
A significant number of SBC were observed in the skin of 
UV -irradiated mice. Application of the sunscreens before UV 
exposure almost completely prevented SBC formation (Table L4.), 
whereas the sunscreen vehicle was ineffective. As shown in Table 
IB, the application of active T4N5 liposomes reduced the number 
of SBC by 50% in this particular experiment. In a total of three 
separate experiments, the protection afforded by T4N5 liposomes 
against SBC formation ranged from 28% to 72% (mean ± SEM = 
47 ± 10%). The control liposomes contammg heat-inactivated 
enzyme gave no significant protection against SBC formation. 
Sunscreens and T4N5 Liposomes Both Protect Against 
UV -Induced Alterations of Cutaneous Immune Cells As 
shown in Table I , exposure to 500 m]lcm2 of UVB radiation 
significantly reduced the number of Ia + and Thy-1 + dendritic 
epidermal cells in the UV -irradiated dorsal skin of the mice. 
Twenty-four hours after UV irradiation, the numbers of Ia + and 
Thy-1 + dendritic epidermal cells decreased by 60% to 68% and 48% 
to 65%, respectively. The application of sunscreens before UV 
irradiation gave substantial protection against the depletion of Ia + 
cells and complete protection against Thy-1 + cell depletion; the 
sunscreen vehicle was ineffective (Table L4.). 
The application of T4N5 liposomes after UV irradiation also 
gave significant protection against alterations of cutaneous immune 
cells, at a level comparable to that provided by the sunscreens. In 
the experiment shown in Table IB, the active liposomes signifi-
cantly protected against the UV -induced reduction of Ia + cells and 
DETC, although the number of Ia + cells was still significantly 
reduced compared to the T4N5-treated, unirradiated control 
group. In some experiments, the application of the control lipo-
somes containing heat-inactivated endonuclease also gave some 
protection against the UV -induced reduction of cutaneous immune 
cells. However, as is evident from Table IB, the active T4N5 
liposomes always exhibited greater activity than the control lipo-
somes. 
The effects of the sunscreens and T4N5 liposomes on the 
morphology of the dendritic epidermal cells were examined in 
whole mounts of epidermal sheets. Untreated skin had numerous 
Ia + cells (Fig lA) and Thy-1 + DETC (Fig 2A) evenly distributed 
290 WOLF ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOG' { 
Figure 2. T4N5 liposomes restore the number and morphology of Thy-l + DETC in UV -irradiated murine skin. A) Untreated dorsal skin of 
C3H/HeN mice stained with rat anti-Thy-1.2 antibody and rhodamine-labeled goat anti-rat (Fab'}z second antibody. B) Active T4N5 liposomes were 
applied to the skin of un irradiated mice; C) mice were UV-irradiated with 500 mJ/cm2 UVB; D) mice were treated topically with active T4N5 liposomes 
immediately after UV irradiation with 500 mJlcm2 UVB. Note the nearly complete preservation of density and morphology of the Thy-l + DETC in 
UV-irradiated skin by the T4N5 liposomes (X200). 
Table II. Sunscreens Afford Better Protection Than 
T4N5 Liposomes on UV -Induced Local Suppression of CHS 
Ear Swelling" Net Ear % 
Treatmentn (mm X 10- 2) SwellingC Suppressiond 
A) 
None 14.5 ± 1.7 
ONFB 30.4 ± 1.1 15.9 
Vehicle + ONFB 29.9 ± 3.0 15.4 
o-PABA+ ONFB 25 .1 ± 2.1 10.6 
BP-3 + 0NFB 27.3 ± 1.8 12.8 
UV + DNFB 17.7 ± 1.8'· 3.2 80 
Vehicle + UV + ONFB 19.0 ± 0.9" 4.5 71 
o-PABA + UV + ONFB 27.6 ± 2.1 13.1 0 
BP-3 + UV + DNFB 30.8 ± 1.1 16.3 0 
B) 
None 17.8 ± 1.2 
DNFB 31.8 ± 1.9 14.0 
HI + DNFB 30.1 ± 2.4 12.3 
T4N5+DNFB 28.1 ± 2.0 10.3 
UV + DNFB 20.6 ± 1.7' 2.8 80 
UV+HI + DNFB 21.3 ± 0.9' 3.5 72 
UV+T4N5 + DNFB 24.2 ± 1.5 6.4 38 
n Groups of mice were treated with either A) a sunscreen or the vehicle before or B) 
liposomes containing active T4 endonuclease V (T4N5) or liposomes containing 
heat-inactivated T4 endonuclease V (HI) immediately after exposure to a single dose 
of 500 mJ/cm2 UVB radiation. Mice were sensitized 3 dafter UV irradiation with 
DNFB on UV -irradiated dorsal skin and challenged 5 d later on their ears. 
b Values are expressed as the mean ± SEM of groups of five mice . 
C Net ear swelling was determined by subtracting the ear swelling of the no-
treatment group from that of a specific treatment group. 
d Versus matched, unirradiated control group. 
e p :5 0.008 versus matched, unirradiated control groups . 
throughout the epidermis. The dendritic epidermal cells had an 
intensely stained body with multiple, branched dendrites. Dendritic 
cells from normal, unirradiated skin treated with T4N5 (Fig 2B) or 
controlliposomes (not shown) were indistinguishable from those in 
untreated skin. Exposure to UV radiation grossly reduced the 
number of dendritic cells; those that remained were rounded and 
lacked dendrites (Figs 1B9 2Q. The application ofT4N5 liposomes 
after UV irradiation protected against some of the UV -induced 
morphologic alterations of Ia + Langerhans cells (Fig lD) and 
DETC (Fig 2D). However, the dendrites of cells in T4N5-
liposome-treated, UV -irradiated skin were less branched and less 
numerous than those of cells in untreated skin. Although the 
control liposomes sometimes protected against the UV -induced 
reduction in the number of dendritic epidermal cells, they did not 
prevent morphologic alterations in these cells (Fig lQ. The 
appearance of dendritic cells in UV -irradiated skin treated with 
sunscreens was similar to that in skin treated with T 4 N 5 liposomes 
(data not shown). All studies assessing the number and morphology 
of dendritic epidermal cells using ATPase staining produced results 
indistinguishable from those described above using immunofluo-
rescence to detect Ia antigen (data not shown). 
Sunscreens Give Better Protection Than T4N5 Liposomes 
Against UV -Induced Local Suppression of CHS Exposure 
to 500 m]lcm2 UVB radiation before sensitization with DNFB on 
UV -irradiated skin resulted in a significantly decreased CHS re-
sponse. In the experiment shown in Table IIA, the CHS response 
in unprotected, UV -irradiated mice was suppressed by 80% after 
challenge with DNFB. The application of all sunscreens completely 
protected against UV -induced local suppression of CHS (data for 
2-EHMC not shown). These findings confirm the results of a 
previous study [31], in which the same sunscreens completely 
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protected against local suppression ofCHS at a dose of200 mJ/cm2 
UVB radiation. 
The application of the T4N5 liposomes after UV irradiation 
partially protected against the UV -induced local suppression of 
CHS. In the experiment shown in Table lIB, the CHS response in 
unprotected, UV -irradiated mice was suppressed by 80%. In con-
trast, there was only 38% suppression in UV-irradiated mice treated 
with active T4N5 liposomes. Treatment with inactive liposomes 
did not affect UV -induced immune suppression (suppression = 
72%). 
DISCUSSION 
We have investigated two windows of intervention in the pathway 
leading from UV exposure to acute actinic changes in the skin. The 
first is the attenuation of UV by means of sunscreens, which must 
be in place before irradiation and are wavelength-specific based on 
their absorption spectra. The second is enhanced repair of UV-
induced lesions in DNA by means of T4N5 liposomes, which act 
after exposure to UV and are specific for one photoproduct in one 
target molecule, DNA. By comparing the results of intervention at 
these two points, we hoped to learn something about the molecular 
mechanisms of these actinic changes and to suggest strategies for 
improved photoprotection. 
Sunscreen preparations containing o-PABA, 2-EHMC, or BP-3 
gave nearly complete protection against UV -induced SBC forma-
tion, whereas the application of T4N5 liposomes after UV irradi-
ation gave only partial protection. SBC are thought to represent 
keratinocytes undergoing apoptosis or programmed cell death [45]. 
Although the mechanisms involved in their formation remain to be 
determined, several studies have suggested that they may be a 
consequence of DNA damage. For instance, the action spectra for 
CPD and SBC formation in mouse skin in vivo are similar, with 
peaks at approximaLely 290 nm [46]. The report that SBC are 
present in skin treated with psoralen and UV A radiation also 
supports the view that DNA is the relevant chromophore for SBC 
formation [47], as does our finding that application of T4N5 
liposomes, which increase DNA repair, decreased SBC formation. 
The inability of T4N5 liposome application to prevent SBC 
formation completely could be due to differences in the rates of 
SBC formation and liposome-triggered DNA repair. For example, 
some SBC could be set on an irreversible course of apoptosis before 
the DNA repair process was complete; in contrast, sunscreens, 
which attenuate UV and thereby prevent DNA damage, were 
much more effective in reducing the number of SBC. 
Our study also implies that the formation of CPD is involved in 
the UV-induced alterations of Langer hans cells and DETC in mice. 
However, it is not clear whether the relevant DNA repair occurred 
in the dendritic cells themselves or in other potential target cells. 
The ability of the T4N5 liposomes to protect against UV -induced 
alterations of Langerhans cells and DETC, local suppression of 
CHS, and SBC formation is consistent with studies carried out in 
the South American opossum Monodelphis domestica. In cells from 
this marsupial, UV -induced CPD can be repaired by a photoreac-
tivating enzyme that is activated by visible light [48]. However, in 
M. domestica, photoreactivation repair resulted in effective preven-
tion of all UV effects studied, inel uding erythema [48], edema [49], 
hyperplasia [49,50], SBC formation [49,50], alterations of Langer-
hans cells [51], and local and systemic immune suppression [52]. 
This difference from our study, in which inflammation was not 
affected by the liposomes, may also be due to differences in the 
kinetics of the T4 endonuclease V-stimulated excision repair 
(which is relatively slow) [41] and photoreactivation repair (which 
is more rapid) [52]. Alternatively, the differential capacity of the 
T4N5 liposomes and photoreactivation to protect against the 
various UV effects may be due to differences in the bioavailability of 
the topically applied, liposome-encapsulated endonuclease versus 
the endogenous photoreactivating enzyme, and the accessibility of 
CPD or CPD-containing cells to these two repair pathways. 
Effective protection against UV -induced alterations of Langer-
hans cells by sunscreens was reported in previous studies in mice 
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[30] and humans [53]; it is interesting that there may be a 
differential effect of sunscreens in preventing UV -induced alter-
ations of Langerhans cells and DETC in mice. Whereas o-P ABA-
and 2-EHMC-containing sunscreen preparations effectively pro-
tected against UV -induced alterations of Langer hans cells, only the 
o-PABA-containing preparation protected against the depletion of 
DETC [30]. However, in contrast to our studies, neither o-PABA-
nor 2-EHMC-containing preparations had been reported previ-
ously to exhibil: protective activity against UV -induced local sup-
pressiol1 of CHS induction [30,33]. Differences in methodology 
(i.e., number of treatments, mouse strains, UV dose) could account 
for the discrepancies between those studies and ours. Most impor-
tant, the previous studies [30,33] involved chronic, multiple expo-
sures to UV, whereas we applied a single dose. 
In a previous study from our laboratory [32], the same sunscreen 
preparations as used in this study gave only partial protection 
against systemic suppression of delayed type hypersensitivity against 
Candida albicans, whereas the T4N5 liposomes completely pro-
tected against this form of immune suppression. These findings 
suggest that sunscreens may provide better protection against local 
suppression and inflammatory effects of UV radiation, whereas 
T4N5 liposomes may be more effective in protecting against 
systemic suppression. The observations that the sunscreens and 
T4N5 liposomes gave nearly complete protection against the 
UV -induced alterations of Langerhans cells and DETC, whereas 
only the sunscreens completely protected against UV -induced local 
immune suppression, are consistent with previous observations that 
there is no absolute correlation between the number and morphol-
ogy of cutaneous immune cells and their function in inducing CHS 
[33]. 
In summary, this study supports the hypothesis that CPD forma-
tion is at least one of the molecular mechanisms involved in several 
local effects of UV irradiation in mice, including SBC formation, 
alterations of Langerhans cells and DETC, and local immune 
suppression. In addition, our findings suggest that, given its pho-
toprotective capacity, application of T4N5 liposomes may be a 
useful adjunct to sunscreens for preventing various deleterious local 
effects of UV radiation, because they provide some protection 
against these effects when applied after a sunburn reaction has been 
initiated. 
This work was supported by grants CA-52457 and CA-16672 from the National 
Institutes of Health and by a grant from the Max Kade Foundation Inc., New York, 
NY (PW). The technical assistance of Ms. Molly Ann Wender is acknowledged with 
thmtks. 
REFERENCES 
1. Urbach F: Evidence and epidemiology of UV-induced carcinogenesis in man. 
Nat! Cancer Illst Monogr 50:5-10, 1978 
2. Kligman LH, Akin FJ, Kligman AM: Sunscreens prevent ultraviolet photocarci-
nogenesis. J A m Acad Dennatol 3:30-35, 1980 
3 . Synder DS, May M: Ability of PABA to protect mammalian skin from ultraviolet 
light-induced skin tumors and actinic damage. J Irwest Dermatol 65:543-546 , 
1975 
4. Kripke ML, Fisher MS: Immunologic parameters of ultraviolet carcinogenesis. 
J Natl Cancer Inst 57:211-215 , 1976 
5. Donawho CK, Kripke ML: Evidence that the local effect of ultraviolet radiation 
on the growth of murine melanomas is immunologically mediated. Cancer Res 
51:4176-4181 , 1991 
6. Kripke ML: Immunologic unresponsiveness induced by ultraviolet radiation . 
Immlmol Rev 80:87- 102, 1984 
7. Noonan FP, De Fabo EC, Kripke ML: Suppression of contact hypersensitivity by 
UV radiation and its relationship to UV -induced suppression of tumor 
immunity. Photochem Photobiol 34:683-689, 1981 
8. Boyle J, MacKie RM, Briggs JD, Junor BJ, Aitchison TC: Cancer, warts, and 
sunshine in renal transplant patients: a case-control study. Lancet i:702-705 , 
1984 
9. Wysenbeek AJ, Weiss H, Duczyminer-Kahana M, Grunwald MH, Pick AI: 
lmmunologic alterations in xeroderma pigmentosum patients. Cancer 58:219-
221 , 1986 
10. Yoshikawa T, Rae V, Bruins-Slot W, van den BergJW, Taylor JR, StreileinJW: 
Susceptibility to effects of UVB radiation on induction of contact hypersensi-
292 WOLF ET AL 
tivity as a risk factor for skin cancer in humans.] Invest Dennatol 95:530-536, 
1990 
11. Toews GB, Bergstresser PR, Streilein JW: Epidermal Langerhans cell density 
determines whether contact hypersensitivity or unresponsiveness follows skin 
painting with DNFB.] ImmunoI124:445-453, 1980 
12. Okamoto H, Kripke ML: Effector and suppressor circuits of the immune response 
are affected in vivo by different mechanisms. Proc Natl Acad Sci USA 84:3841-
3845, 1987 
13. Cooper KD, Duraiswamy N, Harnmerberg C, Allen E, Kimbrough-Green C, 
Dillon W, Thomas D: Neutrophils, differentiated macrophages, and mono-
cyte/macrophage antigen presenting cells infiltrate murine epidermis after UV 
injury.] Invest Dermatoll0l:155-163, 1993 
14. EImets CA, Bergstresser PR, Tigelaar RE, Wood PJ, StreileinJW: Analysis of the 
mechanism of unresponsiveness produced by hap tens painted on skin exposed 
to low dose ultraviolet radiation.] Exp Med 158:781-794, 1983 
15. Robertson B, Gahring L, Newton R, Daynes RA: In vivo administration ofIL-l 
to normal mice decreases their capacity to elicit contact hypersensitivity 
responses: prostaglandins are involved in this modification of immune func-
tion.] Invest Dennatol 88:380-387, 1987 
16. Kurimoto I, Streilein JW: Cis-urocanic acid suppression of contact hypersensi-
tivity induction is mediated via tumor necrosis factor-a.] Immunol 148:3072-
3078, 1992 
17. Schwarz TS, Urbanski A, Kirnbauer R, Kock A, Gschnait F, Luger TA: 
Detection of a specific inhibitor ofInterleukin-l in sera ofUVB-treated mice. 
] Invest Dennatol 91 :536-540, 1988 
18. Rivas JM, Ullrich SE: Systemic suppression of delayed-type hypersensitivity by 
supernatants from UV-irradiated keratinocytes: an essential role for keratino-
cyte-derived interleukin-l0.] Immunol 149:3865-3871, 1992 
19. De Fabo EC, Noonan FP: Mechanism of immlme suppression by ultraviolet 
irradiation in vivo. I. Evidence for the existence of a unique photoreceptor in 
skin and its role in photoimmunology. ] Exp Med 158:84-98, 1983 
20. Kraemer KH, Lee MM, Scotto J: Xeroderma pigmentosum. Cutaneous, ocular, 
and neurologic abnormalities in 830 published cases. Arch Dennatol 123:241-
250, 1987 
21. Lowe NJ, Breedings J: Evaluation of sunscreen protection by measurement of 
epidermal DNA synthesis.] Invest Dennatol 74:181-182, 1980 
22. Freeman S, Ley RD, Ley KD: Sunscreen protection against UV-induced 
pyrimidine dimers in DNA of human skin il1 situ . Photodennatol 5:243-247 , 1988 
23. De Rijcke S, Heenen M: Decrease of ultraviolet-induced DNA injury in human 
skin by p-aminobenzoic acid esters. Dennatologica 179:196-199, 1989 
24. Kligman LH, Akin FJ, Kligman AM: Prevention of ultraviolet damage to the 
dermis of hairless mice by sunscreens.] Invest Dermatol 78:181-189, 1982 
25. Gurish MF, Roberts LK, Krueger GG, Daynes RA: The effects of various 
sunscreen agents on skin damage and the induction of tumor susceptibility in 
mice subjected to ultraviolet irradiation.] btvest Dennatol 76:246-251, 1981 
26. Morison WL: The effect of a sunscreen containing para-aminobenzoic acid on 
the systemic immunologic alterations induced in mice by exposure to UVB 
radiation.] In.vest Dennatol 83:405-408, 1984 
27. Hersey P, MacDonald M, Burns C, Schibeci S, Matthews H, Wilkinson FJ: 
Analysis of the effect of a sunscreen agent on the suppression of natural killer 
cell activity induced in human subjects by radiation from solarium lamps. 
] Invest Dennatol 88:271-276, 1987 
28. Reeve VE, Bosnic M, Boehm-Wilcox C, Ley RD: Differential protection by two 
sunscreens from UV radiation-induced immunosuppression.] btvest Dennatol 
97:624-628, 1991 
29. Van Praag MCG, Out-Luyting C, Claas FHJ, Vermeer BJ, Mommas AM: Effect 
of topical sunscreens on the UV -radiation-induced suppression of the alloac-
tivating capacity in human skin in vivo.] blVest DennatoI97:629-633, 1991 
30. Ho KKL, Halliday GM, Barnetson RSC: Sunscreens protect epidermal Langer-
hans cells and Thy-l + but not local contact sensitization from the effects of 
ultraviolet light.] Invest Dennatol 98:720-724, 1992 
31. Wolf P, Donawho CK, Kripke ML: Analysis of the protective effect of different 
sunscreens on ultraviolet radiation-induced local and systemic suppression of 
contact hypersensitivity and inflarnrnatory responses in mice.] Invest Dennatol 
100:254-259,1993 
32. WolfP, Yarosh DB, Kripke ML: Effects of sunscreens and a DNA excision repair 
THE JOURNAL OF INVESTIGATIVE DERMATOLOG" 
enzyme on ultraviolet radiation-induced inflammation, immune suppressior, 
and cyclobutane pyrimidine dirner formation in mice. ] Invest Dennat( I 
101:523-527, 1993 
33 . Lynch DH, Gurish MF, Daynes RA: Relationship between epidermal Langerhan s 
cell density, ATPase activity and the induction of contact hypersensitivit) . 
] ImmunoI126:1892-1897, 1981 
34. Morison WL, Kelley SP: Sunlight suppressing rejection of 280 to 320-nm 
UV-radiation induced skin tumors in mice.] Natl Cancer Inst 74:525-527, 198 i 
35. Morison WL, Pike RA, Kripke ML: Effect of sunlight and its componem 
wavebands on contact hypersensitivity in mice and guinea pigs. Photodermatcl 
2:195-204, 1985 
36. Fisher MS, Menter JM, Willis I: Ultraviolet radiation-induced suppression o ~ 
contact hypersensitivity in relation to Padimate 0 and oxybenzone.] Inves t 
Dennatol 92:337-341, 1989 
37. CeccoliJ, Rosales N, TsirnisJ, Yarosh DB: Encapsulation of the UV-DNA repair 
enzyme T4 endonuclease V in liposomes and delivery to human cells.] Invest 
DennatoI93:190-194,1989 
38. Yarosh DB, Yee V : SKH-l hairless mice repair UV-induced pyrimidine dimers 
in epidermal DNA.] Photochem Photobiol B 7:173-179, 1990 
39. Yarosh DB, Tsirnis J, Yee V: Enhancement of DNA repair of UV damage in 
mouse and human skin by liposomes containing a DNA repair enzyme.] Soc 
Cosmet Chem 41:85-92, 1990 
40. Yarosh D, Bucana C, Cox P, Alas L, Kibitel J, Kripke ML: Localization of 
liposomes containing a DNA repair enzyme in murine skin.] Invest Dennatol 
103:461-468, 1994 
41. Yarosh D, Alas LG, Yee V, Oberysyzn A, KibitelJT, Mitchell D, Rosenstein R, 
Spinowitz A, Citron M: Pyrimidine dimer removal enhanced by DNA repair 
liposomes reduces the incidence of UV skin cancer in mice . Cancer Res 
52:4224-4227, 1992 
42 . Kripke ML, Cox PA, Alas LG, Yarosh DB: Pyrimidine dimers in DNA initiate 
systemic immunosuppression in UV -irradiated mice. Proc Natl Acad Sci USA 
89:7516-7520, 1992 
43. Mackenzie IC, Squier CA: Cytochemical identification of ATP-ase positive 
Langerhans cells in EDT A separated sheets of mouse epidermis. Br] Dermatol 
92:523-533, 1975 
44. Alcalay J , Kripke ML: Antigen-presenting activity of draining lymph node cells 
from mice painted with a contact allergen during ultraviolet carcinogenesis. 
] ImmuI101146:1717-1721, 1991 
45. Danno K, Horio T: Sunburn cell : factors involved in its formation . Photochem 
Photobiol 45:683- 690, 1987 
46. Cooke A, Johnson BE: Dose response, wavelength dependence and rate of 
excision of ultraviolet radiation-induced pyrimidine dimers in mouse skin 
DNA. Bioe/tim Biophys Acta 517:24-30, 1978 
47 . Woodcock A, Magnus IA: The sunburn cell in mouse skin: preliminary 
quantitative studies on its production. Br] Dermatol 95:459-468, 1976 
48. Ley RD: Photoreactivation of UV-induced pyrimidine dimers and erythema' in 
the marsupial Monodelphis domestica. Proc Natl Acad Sci USA 82:2409-2411, 
1985 
49. Applegate LA, Stuart TD, Ley RD: Ultraviolet radiation-induced histopatholog-
ical changes in the skin of the marsupial Monodelphis domestica. I. The effects of 
acute and chronic exposures and of photoreactivation treatment. Br] Dennatol 
113:219-227,1985 
50. Ley RD , Applegate LA: Ultraviolet radiation-induced histopathologic changes in 
the skin of the marsupial Moltodelphis domestica. II. Quantitative studies of the 
photoreactivation of induced hyperplasia and sunburn cell formation.] Iltvest 
Dennatol 85:365-367, 1985 
51. LeVee GJ, Applegate LA, Ley RD : Photoreversal of the ultraviolet radiation-
induced disappearance of A TP-ase-positive Langerhans cells in the epidermis 
of Monodelphis domestica.] Leukoc Bioi 44:508 - 513, 1988 
52. Applegate LA, Ley RD, Alcalay J, Kripke ML: Identification of the molecular 
target for the suppression of contact hypersensitivity by ultraviolet radiation. 
] Exp Med 170:1117-1131,1989 
53. Elmets CA, Vargas A, Oresajo C: Photoprotective effects of sunscreens in 
cosmetics on sunburn and Langerhans cell photodamage. Photodennatol Photo-
immunol Photomed 9:113-120, 1992 
